Introduction
Previous work on respiration and carbohydrate metabolism of wheat leaves on prolonged starvation (3) revealed the presence in these leaves of two different respiratory substrates, which were provisionally called the primary and the secondary substrates. The primary substrate has been found to be responsible for the production of CO2 by leaves early in starvation, while its contributions in later stages were little or nothing. On the other hand the secondary substrate, which might or might not be used on the first day, was becoming with the progress of starvation of greater and greater importance, until in later stages either (as in some cases) all the CO2 emitted by leaves was derived from it, or (as in others) the major portion.
It was shown in the same paper that the primary substrate was represented by sugars extracted from leaves by ethyl alcohol. While nothing definite was said on the nature of the secondary substrate it was suggested that this probably consisted of a variety of substances, some of which are of importance in protoplasmic organization. DELEANO (1) and YEMM (5) reported that proteins serve as the respiratory substrate in later stages of starvation in the leaves of grape and of barley. But before attention is definitely focused on proteins as the source of secondary substrate in wheat leaves, it ought to be determined whether or not some other carbohydrates, which might serve in this capacity, are present in leaves in sufficiently large amounts. NEWTON and BROWN (4), for example, reported that wheat leaves in later stages of maturity contain considerable amounts of pentosans. Such carbohydrates, if present, must remain in the leaf residue after alcoholic extraction, and they might exist there in the two following forms: (1) Following alcoholic extraction under a reflux condenser of minced plants, which consisted mainly of leaves, residues of both samples were digested either with unboiled or with boiled trypsin using 0.2 M Na2HPO4 as buffer. After digestion for 6 days at 37.5°C. ifitrates from such digests were cleared in the usual way with basic lead acetate, and analyzed for their reducing power before and after inversion with HCl using the HAGEDORN-JENSEN method (2) . Table I shows the results of analyses expressed as mg. of glucose liberated per 100 gm. of initial leaf fresh weight. Seed of a pure line of variety "Little Club" was sown in soil in a greenhouse during the spring of 1935. Leaves for all samples were always cut after a whole day of illumination, and the age of the plants for the samples 1, 2, and 3 was 13, 9, and 10 days respectively.
Following extraction with alcohol the leaf residues of all the three samples were digested with trypsin, and the digests so obtained were analyzed for their reducing power in the same way as has been described for experiment 1. Table II ties from the trypsin solution; (2) they are the alcohol-soluble sugars not removed from leaves during alcoholic extraction; (3) they are the products of mild hydrolysis under the action of Na2HPO4 on some substances of the leaf residue.
In deciding which of the three suggestions is the most probable it is necessary to bear in mind the following facts: (1) If we subtract the amounts of reducing substances in digests with boiled trypsin from those found in corresponding digests with unboiled trypsin, we obtain the amounts of sugars, which were liberated from leaves on diges- or from some complex carbohydrates of leaves on their digestion with various polyases present as impurities in the trypsin solution. To explore these two possibilities the following experiment was carried out.
EXPERIMENT 3
On July 18, 1938, Marquis wheat was sown in soil in a greenhouse and nine days later a large number of plants was taken and extracted for 24 hours with 95 per cent. ethyl alcohol containing NH3. Following extraction, the alcohol was filtered off, the leaf residue was dried and divided into two samples which were digested separately in a water bath for 3 hours with 1 per cent. H,SO4. Following such digestion, the leaf residue of each sample was filtered off, dried and divided into two equal parts. One part was digested with the unboiled and the other with the boiled trypsin. All the filtrates obtained from these digestions were cleared and analyzed for their reducing power.
The procedure used in this experiment was exactly the same as that used in the earlier experiments with only one exception: neutral, instead of basic lead acetate, was used for clearing. It was shown previously (3) that starvation sequence in wheat leaves was brought to an end after a definite amount of the secondary substrate has been degraded. For 100 gm. of leaf fresh weight this amount is represented by 2748 + 235 mg.3 in CO2 equivalents, or 1874 ± 160 mg. as glucose. On the other hand, the maximal amounts of the sugars which could be liberated from the leaf residues by trypsin, Na2HPO4 and 1 per cent. 12SO34 are represented in experiment 2 for the samples 1, 2, and 3 by 511, 617, and 576 mg. of glucose respectively. For both samples of experiment 1 such amounts probably would be even lower, considering that the values for the sugars liberated by 1 per cent. H2SO4 are small. We are forced, therefore, to conclude that leaf residues, following alcoholic extraction, do not contain easily hydrolyzable substances from which sugars could be liberated in amounts large enough to account for more than one-third of the secondary substrate.
We must look, consequently, for some other substances besides carbohydrates
